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S1 Supplementary Tables

Table S1 shows the cluster distributions of samples (/Vng), total SNP counts (Ntr), and the ratios of SNPs
(Rrr = NTr/7123) in 20 states of the U.S. The 20 states are Alaska (AK), Arizona (AZ), California (CA), Con-
necticut (CT), Washington, D.C. (DC), Florida(FL), Louisiana (LA), Maine (ME), Maryland (MD), Michigan
(MI), Minnesota (MN), Nevada(NV), New Mexico (NM), New York (NY), Oregon (OR), Texas(TX), Utah
(UT), Virginia (VA), Washington (WA), and Wisconsin (WI).

Table S2 lists the number of samples (Nng) of a particular mutation on 5’'UTR in the United States and
worldwide. Here, only the mutations that occurred more than 9 times are listed.

Table S1: The cluster distributions of samples (Nxs), total SNP counts (Ntr), and the ratios of SNPs (R r = Npp/7123)
in 20 states of the U.S. The 20 states are Alaska (AK), Arizona (AZ), California (CA), Connecticut (CT), Washington, D.C.
(DCQ), Florida(FL), Louisiana (LA), Maine (ME), Maryland (MD), Michigan (MI), Minnesota (MN), Nevada(NV), New
Mexico (NM), New York (NY), Oregon (OR), Texas(TX), Utah (UT), Virginia (VA), Washington (WA), and Wisconsin
(WI).

Cluster A Cluster B Cluster C Cluster D
State | Nns Nrr Rrr | Nns  Npr Rrr | NNs Ntr Rrrp | Nns Nrr Rrr
AK 13 108 1.5% 15 183 2.6% 4 27 0.4% 19 154 2.2%
AZ 36 273  3.8% 4 34 0.5% 12 95 1.3% 25 224 3.1%
CA 461 3574 502% | 544 6147 86.3% | 258 1507 21.2% | 566 5440 76.4%
CT 29 226 3.2% 17 166 2.3% 3 35 0.5% 67 756  10.6%
DC 13 94 1.3% 2 54 0.8% 4 29 0.4% 4 36 0.5%
FL 122 907 12.7% | 132 1531 21.5% 47 522 7.3% 299 3492 49.0%
LA 179 1451 20.4% 7 188 2.6% 1 15 0.2% 163 1753 24.6%
ME 26 175  2.5% 4 31 0.4% 13 101 1.4% 47 304 4.3%
MD 45 359 5.0% 17 320 4.5% 29 365 51% 78 899 12.6%
MI 253 1868 26.2% | 10 100 1.4% 16 157 2.2% 90 900 12.6%
MN | 209 1590 22.3% | 52 622 8.7% 159 1260 17.7% | 312 3576 50.2%
NV 52 395 55% 8 79 1.1% 19 107 1.5% 69 728  10.2%
NM 17 115  1.6% 15 138 1.9% 0 0 0.0% 8 71 1.0%
NY 925 6700 94.1% | 68 651 9.1% 9% 675 95% | 300 2846 40.0%
OR 41 337 4.7% | 153 1753  24.6% 70 401 5.6% 255 2503 35.1%
TX 10 79 1.1% 9 114 1.6% 8 95 1.3% 15 160 2.2%
uT 39 293 4.1% 49 505 7.1% 21 159 2.2% 252 2819 39.6%
VA 199 1561 21.9% | 63 803 11.3% 35 274 3.8% 291 3146 44.2%
WA 595 4593 64.5% | 1213 15630 219.4% | 1155 9005 126.4% | 680 7925 111.3%
WI 111 806 11.3% | 322 4219 59.2% | 187 934 13.1% | 414 4324 60.7%

Table S2: The number of samples (Nng) of a particular mutation on 5UTR in the United States and worldwide. Here, only the
mutations that occurred more than 9 times are listed.

Mutation US Nyg World Nyg | Mutation  US Nyg World Nyg
241C>T 9628 36786 187A>G 36 207
199G>T 28 33 222C>T 17 50
208G>T 13 15 218C>T 13 29
242G>T 11 17 169A>G 10 11

S2 Supplementary Data

Total 13 spreadsheets are merged in the Supplementary Data.xIsx:



Supplementary Data 1: The GISAID IDs we use in the world. (Up to September 11, 2020).
Supplementary Data 2: The GISAID IDs we use in the United States. (Up to September 11, 2020).
Supplementary Data 3: The world clusters information.

Supplementary Data 4: The US clusters information.

Supplementary Data 5: Acknowledgment table provided by GISAID in Jan 2020.
Supplementary Data 6: Acknowledgment table provided by GISAID in Feb 2020.
Supplementary Data 7: Acknowledgment table provided by GISAID in March 2020.
Supplementary Data 8: Acknowledgment table provided by GISAID in April 2020.
Supplementary Data 9: Acknowledgment table provided by GISAID in May 2020.
Supplementary Data 10: Acknowledgment table provided by GISAID in June 2020.
Supplementary Data 11: Acknowledgment table provided by GISAID in July 2020.
Supplementary Data 12: Acknowledgment table provided by GISAID in August 2020.
Supplementary Data 13: Acknowledgment table provided by GISAID in September 2020.

S3 Supplementary Figures

S3.1 Mutation Tracker
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Figure S1: Genome-wide SARS-CoV-2 mutation distribution. The y-axis represents the natural log frequencies of mutations on specific
positions of the complete SARS-CoV-2 genome. A few landmark positions are labeled with gene (protein) names.

S$3.2 K-Means clustering

The k-means clustering is used to classify the SARS-CoV-2 the SNP variants. The Elbow method is used
to determine the optimal number of clusters. Our results demonstrate four main clusters in the United
States (US) as shown in Figure 52, which plots the within-cluster sum of squares according to the number



of clusters k for the SNP variants in the United States based on Jaccard distance metric. The optimal values
of k-mean clusters is shown as the turning point in the in the elbow plots.
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Figure S2: The plot of WCSS according to the number of clusters based on Jaccard distance metric. Here, Jaccard distance-based
representation is taken as the input feature. The arrows point out the optimal number of clusters. The within-cluster sum of squares
against the number of clusters for the SNP variants in the United States. The optimal number of clusters in the United States is four.

S3.3 Proteoforms

Figure S3 shows the visualization of the proteoforms of SARS-CoV-2 NSP2, NSP13, NSP12, spike protein,
ORFS8, and ORF3a. The top 8 mutations are marked in coor. The red color represents the wild type residue
and the yellow color represents the mutant type.
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Figure S7 illustrates sequence alignments for the NSP2 of SARS-CoV-2, SARS-CoV, bat coronavirus

Figure S3: The visualization of six SARS-CoV-2 proteoforms. (a) Proteoform of NSP2. (b) Proteoform of NSP13. (c) Proteoform of
RaTG13, bat coronavirus CoVZC45, bat coronavirus BM48-31. Detailed numbering is given according to

NSP12. (d) Proteoform of spike protein. (e) Proteoform of ORFS. (f) Proteoform of ORF3a. The red color represents the wild type and

the yellow represents the wild type.
Figure S6 illustrates the 3D structure of SARS-CoV-2 NSP2 protein and the difference of FRI rigidity index,

the subgraph centrality between the network with wild type and the network with mutant type.
SARS-CoV-2. One high-frequency mutation 1059C>T-(T85I) locates on the NSP2 protein. Here, the red

S3.4 Protein structures, network analysis, and alignment
rectangle marks the T85I position with its neighborhoods.



Figure S8 illustrates the sequence alignments for the NSP13 protein of SARS-CoV-2, SARS-CoV, bat
coronavirus RaTG13, bat coronavirus CoVZC45, bat coronavirus BM48-31. Detailed numbering is given ac-
cording to SARS-CoV-2. Two high-frequency mutations 17858 A>G-(Y541C) and 17747C>T-(P504L) locate
on NSP13. Here, the red rectangles mark the Y541C and P504: mutations with their neighborhoods.

Figure S9 illustrate the 3D structure of SARS-CoV-2 NSP13 protein and the difference of FRI rigidity
index, the subgraph centrality between the network with wild type and the network with mutant type.

Figure 510 illustrates the sequence alignments for the ORF8 protein of SARS-CoV-2, SARS-CoV, bat
coronavirus RaTG13, bat coronavirus CoVZC45, bat coronavirus BM48-31. Detailed numbering is given
according to SARS-CoV-2. Two high-frequency mutations 28144T>C-(L84S) and 27964C>T-(524L) locate
on the ORF8. Here, the red rectangles mark the S24L and L84S mutations with their neighborhoods.

Figure S11 illustrate the 3D structure of SARS-CoV-2 ORF8 protein and the difference of FRI rigidity
index, the subgraph centrality between the network with wild type and the network with mutant type.

Figure 512 illustrate the 3D structure of SARS-CoV-2 N protein and the difference of FRI rigidity index,
the subgraph centrality between the network with wild type and the network with mutant type.

Figure S13 illustrates the sequence alignments for the N protein of SARS-CoV-2, SARS-CoV, bat coro-
navirus RaTG13, bat coronavirus CoVZC45, bat coronavirus BM48-31. Detailed numbering is given ac-
cording to SARS-CoV-2. Three high-frequency mutations 28881G>A-(R203K), 28882G>A-(R203K), and
28883G>C-(G204R) locate on the N protein. Here, the red rectangles mark mutations R203K and G204R
with their neighborhoods.



SARS-CoV-2
SARS-CoV
Bat-SL-RaTG13
Bat-SL-CoVZC45

Bat-SL-BM48-31 91
SARS-CoV-2 AL 182
SARS-CoV AL : C 182
Bat-SL-RaTG13 AL 182
Bat-SL-CoVZC45 AL e N 182
Bat-SL-BM48-31 AL A 182
SARS-CoV-2 183 LL FCDAMRNAG I VGV L FIGTTPGSGVPV: LLMPILTL 273
SARS-CoV 183 LL FCDAMRDAG | VGV L FVQVAPGCGVP | LLMPILTL 273
Bat-SL-RaTG13 183 LL F AMRDAG | VGV L FIQTTPGSGVP I LLMPILTL 213
Bat-SL-CoVZC45 183 LL FCDAMRDAG | VGV L FVQVAPGCGVP | LLMPILTL 273
Bat-SL-BM48-31 183 FCDAMRDAG | VGVL FVQVAPGAGIP I LLMPILTL 213
SARS-CoV-2 F

SARS-CoV F

Bat-SL-RaTG13 F

Bat-SL-CoVZC45 F

Bat-SL-BM48-31 F

SARS-CoV-2 )

SARS-CoV ; 455
Bat-SL-RaTG13 455
Bat-SL-CoVZC45 - 455
Bat-SL-BM48-31 c 455
SARS-CoV-2 M MN LY, 546
SARS-CoV M MNLKY 546
Bat-SL-RaTG13 M MNLKY 546
Bat-SL-CoVZC45 M MN LKY 546
Bat-SL-BM48-31 MC MN LKY 546
SARS-CoV-2 Al M IMASLV 637
SARS-CoV A M IMASLV 637
Bat-SL-RaTG13 Al M IMASLV 637
Bat-SL-CoVZC45 Al M AMPNMLR | MASLV 637
Bat-SL-BM48-31 A M AMPNMLR I MASLV 637
SARS-CoV-2 638 LA CCSLSHRFYRL AQVLSEMVMCGGSLYVKPG ATTAYANSVFNI CQAVTANVNAL L 1 Al LQHRLY 728
SARS-CoV 638 LA CCNLSHRF AQVL L ATTAYA! 1 Al LQHRLY 728
Bat-SL-RaTG13 638 LA LSHRF AQVL: L ATTAYA! 1c A LQHRLY 728
Bat-SL-CoVZC45 638 LA LSHRF AQVL L ATTAYA! Ic Al LQHRLY 728
Bat-SL-BM48-31 638 LA LSHRF AQVL L ATTAYA! 1CQA LQHRLY 728
SARS-CoV-2 .
SARS-CoV/1-932 C c
Bat-SL-RaTG13 [
Bat-SL-CoVZC45 { ¢
Bat-SL-BM48-31

SARS-CoV-2

SARS-CoV

Bat-SL-RaTG13
Bat-SL-CoVZC45

Bat-SL-BM48-31

SARS-CoV-2 SARS-CoV-2 932
SARS-CoV/ SARS-CoV 96.24% 032
Bat-SL-RaTG13 Bat-SL-RaTG13 ~ 99.57% 932
Bat-SL-CoVZC45 Bat-SL-CoVZC45 95.92% 932
Bat-SL-BM48-31, Bat-SL-BM48-31  95.17% 932

Figure S4: Sequence alignments for the NSP12 of SARS-CoV-2, SARS-CoV, bat coronavirus RaTG13, bat coronavirus CoVZC45, bat
coronavirus BM48-31. Detailed numbering is given according to SARS-CoV-2. One high-frequency mutation 14408C>T-(P323L) is
detected on the NSP12 protein. Here, the red rectangle marks the P323L mutations with its neighborhoods.



T DTLVL FLPF LTTN-NAATKR PIL 84
DIF IRVLETGHFLPFN LTLKSN-GKQR 1Y PNI 88

n<<<<

SARS-CoV-2 [ MFVFLVLLPLVSS@CVNLTTRFEQLPPAY FT

SARS-CoV 1 -MFIFLLFLTLTSGSDLDRCTTFDDVQAPNYTQHTSEM

Bat-SL-RaTG13 1 ---MFVFLVLLPLVS.gVIL TRTQLPPAY| u

Bat-SL-CoVZC45 1 ----MLFFLFLQFALVNSQCVNL PLNPNY Q
1

KVF VL LFLPFFSNVTWFHAIHVSGTNGTKRFDNPVL 84

EIFRSDTLYL LIFILLRF FEBIN- - - - - - - HTFGNPVI 81

KVF VLHL LIFILFFF FHAIHVSGTNG| KREDNPVL 84
Bat-SL-BM48-31 MKFLAFLCLLGFANAQDGKCGTL PSKLTQTPSSR L

SARS-CoV-2 PFNDGVYFAS! 1 LBSK LLIVNNATNVVIKVCEF@FCNBPFLGVYYHKNNKSWM FRVYSSANNCTF 173
SARS-CoV PFKDGI \% MN 11 INNSTNVV | RACNFELCDNPFFAVSKPMG- - - - TQTHTMI FDNAFNCTF 166
Bat-SL-RaTG13 PENDGV 1 LDSKTQSLL I VNNATNVV I KVCEFQFCN PFLGVYYIKINleM FRVYSSANNCTF Q 173
Bat-SL-CoVZC45 DFKDGI 1 LDNT LLIVNNATNVI | vcl DFCYDPYLSGYYHNN- KTWS | REF AV ANCTF K 172
Bat-SL-BM48-31 NF V VF! L T AVLF HIVIDVCNFNFCADPMFAVNS G.PYKTWIY AANCIEYHRAH 170
SARS-CoV-2 174 PFLMDLEGKQGNFRNLREFVFRIN | DY F K | ¥SKHTP INLVRDLPQGFSALEPLVDLP IGINITRFQELLALHRSYLTPGDSS AGA 262
SARS-CoV 167 AFSLDVSEKSGNFKHLREFVFKNKDGF LYVYKGYQP | DVVRDLPSGFNTLKP I FKLPLGINITNFRAILFAFSP- - - - - - AQD |WGTISA 249
Bat-SL-RaTG13 174 PF LMDLEGKQGNFKNLREFVFKN | FKI PINLVRDLPPGF ALIPLV LPIGINITRFQFLLALHRSYLTPGDES AGA 262
Bat-SL-CoVZC45 173 SFMLN | SGNGGLFNTLREFVFRNVDGHF K | YSKFTPVNLNRGLPTGLSVLQPLVELPVSINITKFRELLT I HRGDPMP - - - NNGWTAFS 258
Bat-SL-BM48-31 171 AFNI STINMNPGKFRHF, LFKNVDGF LYVYHNYEPIDLNSGFPSGFSVLKP I LKLPFGLNITYVKAIMELESS- - - - - - foSNFDADA 253

SARS-CoV-2 263 AAYYVGYLQPRTFLL | ar ITNLCPFGEVFNATRFA 351
SARS-CoV 250 AAYFVGYLKPTTFML | VP, ITNLCPFGEVFNATKFP 338
Bat-SL-RaTG13 263 AAYYVGY LQPRTFLL I P ITNLCPFGEVFNATTFA 351
Bat-SL-CoVZC45 259 AAYFVGY LKPRTFML 1 P ITNVCPFHKVFNATRFP 347
Bat-SL-BM48-31 254 SAY.FVGHLKP LTEMLVDFD 1 TPETEVV ITQLCPFNEVFNITSFP 342

SARS-CoV-2 352 AWNRIK! A FVIIg I APG KA FEGCV I AWNSN 439
SARS-CoV/ 339 AWER K LCF ADSFVV| VRQ | APGQTGYV | Al FMGCVLAWNTR 426
Bat-SL-RaTG13 352 AWNRK LCF ADSFVITG | APGQTGK | Al FTGCVIAWNSK 439
Bat-SL-CoVZC45 348 AWERT LCF ADTFLIRFSEVRQVAPGQTGV I A FTGCV I AWNTA 435
Bat-SL-BM48-31 343 AWERM LCF ADYFV I APAQTGV | Al FTGCV | AWNTIN 431
SARS-CoV-2 440 NIL 1¥QAGSTPCNGVEGFNCYF P LQSYGFQPFNGVE LLHAPATVCGPR 528
SARS-CoV 427 HGKL N-VPFSPDGKPCTPPALNCYWPLNDYGFYTTTGIG APATVCGPK 514
Bat-SL-RaTG13 440 KANL CYYPLYRYGFYPTDGVG VCGPK 528
Bat-SL-CoVZC45 436 STKL LSEYDFNPNVPLE VCGPK 505
Bat-SL-BM48-31 432 N-VLFNPEGGTCSAEGLNCYKPLA FTQSSGIGF VCGPK 515
SARS-CoV-2 529 KSFNLV FLPF | ADTTDAVRDPQTLE I LD I TPCSFGG 617
SARS-CoV 515 LSTDL | FQPF VSDF PK I LDISPCAFGG 603
Bat-SL-RaTG13 529 KSTNLV, INKKF L PF 1ADT d PQTLEILDITPCSFGG 617
Bat-SL-CoVZC45 506 L QL FrF A Fl v P! LEILDITPCSFGG 594
Bat-SL-BM48-31 516 QSTIE L VIKNKC! FQPF VSDF PKTLEILDIAPCSYGG PG 604
SARS-CoV-2 618 FEVPVA | HA| RAGCL | GAEHVNN 1P 1GAG | CASYQiQTiNSPRRAREVASQE I | AVTMS LGA) 704
SARS-CoV/ 604 ATHA AGCL | GAEHVDT I PIGAGICASYH LLR---ST8Q-KSIVAYTMSLGA 686
Bat-SL-RaTG13 618 PVAIHA RAGCL | GA I PIGAGICASYQ -RSVASQSI | A’ LGA 700
Bat-SL-CoVZC45 595 Prl A AGCL I GA I PIGAGICASYH ILR----8TSQKAIVAYTMSLGA 677
Bat-SL-BM48-31 605 PTMLHA AGCL | GAA IPIGAGICAKYTNVSSHL - - - VREGGHS | LAYTMSLGDNQD 690
SARS-CoV-2 705 1AIP 1cG LLL FCTaL 1AV VFAQVEKQ | 793
SARS-CoV 687 1AIP 1cG LILL FcTaL 1 AA VFAQVKQM 775
Bat-SL-RaTG13 701 1AIP 1ce LLL FcTQL VFAQVKQ | 789
Bat-SL-CoVZC45 678 IAIP 1cG LLL FCTQLNRA 1Al VFAQVKQ | 766
Bat-SL-BM48-31 691 1AIP 1cG LLL FcTaL 1A RDVFAQTKAM 779
SARS-CoV-2 794 |KDFGGFNFSQI L LGD | AARIDL | CA VLPPLLTDEMIAQYTSALLAGT | 882
SARS-CoV 776 LKYFGGFNFSQI L L LGD | NARDL | CAl VLPPLLTDDMIAAYTAALVSGTA 864
Bat-SL-RaTG13 790 | KDFGGFNFSQI L LGD | AARDL | CAl VLPPLLTDEMIAQYTSALLAGT | 878
Bat-SL-CoVzC45 767 | KDFGGFNFSQI L LGG I SARDL I CA VLPPLLTDEMIAA AALlIg A 855
Bat-SL-BM48-31 780 LIKDFGGFNFSQ | LPDPA] LGGVNARDL | CA VLPPLLTDEMIAAYTAAL | A 868
SARS-CoV-2 883 TSGWTFGAGAALQ | PFAMAMA L1 ANGFNSA I GK | AQALNT LYV, o71
SARS-CoV 865 TAGWT FGAGAALQI PFA Q1 ANQFNKA I SQI AQALNTLYV, 953
Bat-SL-RaTG13 879 T SGWTFGAGAALQ| PFA| L1 ANQFNSA I GK | AQALNTLYV, 967
Bat-SL-CoVZC45 856 TAGWTFGAGAALQ I PFA| LI ANQFNSA IGK I AQALNTLYV 944
Bat-SL-BM48-31 869 TAGFTFGAGAALQI PFA| QI ANQFNKA I SQI ATALNTLV 957
SARS-CoV-2 972 A1SSVLND | LSRLDKVEAEV | FCG 1060
SARS-CoV 954 A1 SSVLND I LSRLDKVEAEV! | FCG V 1042
Bat-SL-RaTG13 968 A1 SSVLND | LSRLDKVEAEV 1 FCG V 1056
Bat-SL-CoVZC45 945 A1 SSVLND | LSRLDKVEAEV! | FCG V 1033
Bat-SL-BM48-31 958 A1 SSVLND | LSRLDKVEAEV! 1 FCG V 1046
SARS-CoV-2 1061 VF L VIGI 1149
SARS-CoV 1043 VF L VIGHI 1131
Bat-SL-RaTG13 1057 VFL VIGI 1145
Bat-SL-CoVZC45 1034 VF L VIGI | 1122
Bat-SL-BM48-31 1047 VF L ViGl 1135
SARS-CoV-2 1150 IWLGF | AGL | A1 VMVT I MLCCMT 1238
SARS-CoV/ 1132 VWLGF | AGLIAIVMVT | LLCCMT 1220
Bat-SL-RaTG13 1146 IWLGF |AGL I Al IMVT IMLCCMT 1234
Bat-SL-CoVZC45 1123 VWLGF | AGLIAIVMVT I LLCCMT 1211
Bat-SL-BM48-31 1136 K VWLGF | AGL | A| VMAT IMLCCMT 1224
SARS-CoV-2 1239 SARS-CoV-2 1273
SARS-CoV 1221 SARS-CoV 73.86% 1255
Bat-SL-RaTG13 1235 Bat-SL-RaTG13 97.47% 1269
Bat-SL-CoVZC45 1212 Bat-SL-CoVZC45  g0.49% 1246
Bat-SL-BM48-31 1225 Bat-SL-BVM4831 7119 1259

Figure S5: Sequence alignments for the S proteins of SARS-CoV-2, SARS-CoV, bat coronavirus RaTG13, bat coronavirus CoVZC45, bat
coronavirus BM48-31. Detailed numbering is given according to SARS-CoV-2 S protein. One high-frequency mutation 23403A>G-
(D614G) is detected on the S protein. Here, the red rectangle marks the D614G mutations with its neighborhoods
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Figure S6: (a) The 3D structure of SARS-CoV-2 NSP2 protein. The mutant residue is marked with color balls. (b) The difference of FRI
rigidity index between the network with wild type and the network with mutant type. (c) The difference of the subgraph centrality
between the network with wild type and the network with mutant type.

SARS-CoV-2 1A LL ASCTL A 1 «
SARS-CoV 1A FLA| SMCIL | {
Bat-SL-RaTG13 1 A! LLA ASCTL |

Bat-SL-CoVZC45 1 A! LL ASYIAL | 91
Bat-SL-BM48-31 1 V/ Vv LLA SSAPLA PFDITNA 91

V PVA A LikEGA LP@ 182
Vigrva { A LPT 182
vigeva { A A 182
VYPVA ( A 182

QVA CNHC A c PS 182

FMG]
FMG

SARS-CoV-2 92 NFVFPL
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Bat-SL-CoVZC45 365 I AMMF! LVVMAY | I FGT V! LKPVLDWL F 455
Bat-SL-BM48-31 365 SDISDQAN:; AMV N ESVVVMAY L TWLSQLLNES FSAVLRWL: L 455

L
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Bat-SL-BM48-31 547 LQLLMPL VFLDGDAYDELLT LELSDVVTGVAEGV ALSPSLLA 637
SARS-CoV-2 638 & SARS-CoV-2 -
SARS-CoV 638 G SARS-CoV 68.33% o
Bat-SL-RaTG13 638 G Bat-SL-RaTG13 ~ 98.27% &
Bat-SL-CoVZC45 638 G Bat-SL-CoVZC45  95.29% &%
Bat-SL-BM48-31 638 G Bat-SL-BM48-31  62.38% e

Figure S7: Sequence alignments for the NSP2 of SARS-CoV-2, SARS-CoV, bat coronavirus RaTG13, bat coronavirus CoVZC45, bat
coronavirus BM48-31. Detailed numbering is given according to SARS-CoV-2. One high-frequency mutation 1059C>T-(T85I) locates
on the NSP2 protein. Here, the red rectangle marks the T85I position with its neighborhoods.
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Figure S8: Sequence alignments for the NSP13 protein of SARS-CoV-2, SARS-CoV, bat coronavirus RaTG13, bat coronavirus CoVZC45,
bat coronavirus BM48-31. Detailed numbering is given according to SARS-CoV-2. Two high-frequency mutations 17858 A>G-(Y541C)
and 17747C>T-(P504L) locate on NSP13. Here, the red rectangles mark the Y541C and P504: mutations with their neighborhoods.
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Figure S9: (a) The 3D structure of SARS-CoV-2 NSP13 protein. The mutant residue is marked with color balls. (b) The difference of FRI
rigidity index between the network with wild type and the network with mutant type. (c) The difference of the subgraph centrality
between the network with wild type and the network with mutant type.



SARS-CoV-2

1 MKFLVFLGI ITTVAAFHQECS HQPYVVBBPCP | HF¥S - KW¥ | RVGARKSAPL | ELCVDEAGSKSP 1QY/IDIGNYFVSICLPFFINC 90
SARS-CoV 1MKIILFLTLIVFTSCELYH - - Vi VLLKEPCP PFHPLA FALTCTSTHFAFACADGTRHTYQLRA PKLF IR 89
Bat-SL-RaTG13 1MKIILFLVLVTLATCELYH- - Vi VLLKEPCS PFHPLA FALTCFSTQFAFACPDGVKHVYQLRA PKLF IR 89
Bat-SL-CovZC45 1 MKI IFFLVLITLVTGELYH - - | VLLKEPCS PFHPLA FALACFSTQFAFACPDGVRHTFQLRA PKLFTR 89
Bat-SL-BM48-31 1 MKFLLLVAIVSIASAELYH- - A VLLKEPCQPN PYHPLA FAITCTNTKFSFVCQDETRHVFQLRA PRILFAS 89

SARS-CoV-2 91 @EPKLGSLVVRCEFYEDFLEYHDVRVVLDF I - - SARS-CoV-2 12.30% 121
SARS-CoV 90 QEEVQQELYSPLFLIVAALVFLILCFTIKRKT SARS-CoV e 122
Bat-SL-RaTG13 90 QE- EVQELYSPIFLI IAAIVFITLCFTLKRKT Bat-SL-RaTG13  10.74% 121
Bat-SL-CoVZC45 90 QE- EVQELYSPVFLIVAAIVFI | LCFTFKRK I Bat-SL-CoVZC45 13.22% 121
Bat-SL-BM48-31 90 PK - HHSDDFTPVI LI IVELLFVI¥CCMKRQ- - - Bat-SL-BM48-31  12.71% 118

Figure 510: Sequence alignments for the ORF8 protein of SARS-CoV-2, SARS-CoV, bat coronavirus RaTG13, bat coronavirus CoVZC45,
bat coronavirus BM48-31. Detailed numbering is given according to SARS-CoV-2. Two high-frequency mutations 28144T >C-(L84S)
and 27964C>T-(524L) locate on the ORF8. Here, the red rectangles mark the S24L and L84S mutations with their neighborhoods.
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Figure S11: (a) The 3D structure of SARS-CoV-2 ORFS protein. The mutant residue is marked with color balls. (b) The difference of FRI
rigidity index between the network with wild type and the network with mutant type. (c) The difference of the subgraph centrality
between the network with wild type and the network with mutant type.
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Figure S12: (a) The 3D structure of SARS-CoV-2 N protein. The mutant residue is marked with color balls. (b) The difference of FRI
rigidity index between the network with wild type and the network with mutant type. (c) The difference of the subgraph centrality

between the network with wild type and the network with mutant type.
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Figure S513: Sequence alignments for the N protein of SARS-CoV-2, SARS-CoV, bat coronavirus RaTG13, bat coronavirus CoVZC45, bat
coronavirus BM48-31. Detailed numbering is given according to SARS-CoV-2. Three high-frequency mutations 28881G>A-(R203K),
28882G>A-(R203K), and 28883G>C-(G204R) locate on the N protein. Here, the red rectangles mark mutations R203K and G204R with

their neighborhoods.
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